Bis(bromobenzyl)derivatives of cyclen and cyclam obtained according to previously described procedures were introduced in a palladium-catalyzed reaction with 1,3-bis(aminomethyl)adamantane and 1,3-bis(2-aminoethyl)adamantane to produce macrobicycles in moderate yields. The formation of tricyclic cyclodimers was observed in many cases. Tetrabenzyl derivatives of cyclen and cyclam were synthesized from the corresponding dibenzyl derivatives and reacted with 1,3-bis(2-aminoethyl)adamantane to give macrobicyclic products in similar yields.
Introduction
Macropolycyclic compounds containing cyclen (1, 4, 7, 10-tetraazacyclododecane) and cyclam (1, 4, 8, 11-tetraazacyclotetradecane) moieties have been known for the last decades and can be classified in different classes of topology: macrobicyclic and macrotricyclic cryptands,
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In our recent communication 31 we showed that the presence of two additional substituents in the tetraazamacrocyclyc fragment can dramatically change the macrocyclization path leading to preferable formation of macrotricyclic cryptands rather than to macrobicycles. For this reason we also synthesized tetrabenzyl derivatives of cyclens 9, 10 and cyclams 11, 12 in order to check their reactivity with adamantane-containing diamines. Dibenzyl substituted cyclen and cyclams 7, 8 were introduced in the reactions with two equivalents of 3-and 4-bromobenzyl bromides in a two-phase CH 2 Cl 2 /H 2 O 1:1 system containing excess of NaOH at room temperature. As a result, the desired tetrabenzyl derivatives 9-12 were obtained in excellent yields 91-95% (Scheme 2). It is to be noted that running the same reactions under standard conditions (CH 3 CN/K 2 CO 3 ) or benzylation of compounds 3-6 with benzyl bromide were unsuccessful.
The synthesis of macrobicycles 14-17 was carried out by the reaction of Pd-catalyzed amination of bis(bromobenzyl) derivatives 3-6 with equimolar amounts of 1,3-bis(aminomethyl)adamantane 13a or 1,3-bis(2-aminoethyl)adamantane 13b (Scheme 3). The reaction with diamine 13b was catalyzed by the standard system Pd(dba) 2 /BINAP (BINAP 2,2'-bis(diphenylphosphino)-1,1'-binaphthalene) which was found by us to be most appropriate for the synthesis of polyazamacrocycles. 29 However, diamine 13a required the application of a donor ligand DavePhos (2-dimethylamino-2'-dicyclohexylphosphinobiphenyl) due to sterical hindrances in this diamine. All reactions were run in boiling dioxane at concentration c 0.02 M, tBuONa was used as a base. The reactions ran to completion in 24 h. The reaction mixtures were analyzed by 1 H NMR and then subjected to column chromatography on silica gel. The yields of isolated compounds 14-17 ranged from 20 to 35%, the best results were provided by the reactions of 1,8-bis(3-bromobenzyl)cyclam (6) with both diamines 13a,b (33 and 35%). The reaction of 1,7-bis(3-bromobenzyl)cyclen (4) with diamine 13b also gave quite good yield for the macrocyclization reactions (29%). The results suggest that cyclen and cyclam derivatives with m-bromobenzyl substituent are more suitable for the macrocyclization with adamantanediamines 13a,b with a rigid and bulky central fragment. In all reactions the formation of cyclic and linear oligomers was verified by NMR and MALDI mass spectra, but the isolation of these compounds in pure state by column chromatography was successful only in several cases. Cyclic dimers 18-20, which are actually macrotricyclic cryptands of cylindrical shape, were obtained as separate fractions in 8-19% yields.
Scheme 3
Tetrabenzyl substituted derivatives of cyclen and cyclam 9-12 were reacted with diamine 13b using the same reaction conditions, and the compounds were isolated by the column chromatography (Scheme 4).
Scheme 4
Target macrobicycles 21-24 were obtained in 24-31% yields which are almost the same as those of macrobicycles 14-17. It shows that the introduction of two additional benzyl derivatives in the tetraazamacrocycles did not affect their reactivity in the catalytic macrocyclization reaction. In two reactions we isolated cyclic dimers 25 (x=1) and 27 (x=1) and even cyclic trimers 26 (x=2) and 28 (x=2) in yields up to 20%. C NMR spectrum were still too broad.
Conclusions
As a result of the experiments described above, a simple and sufficiently efficient synthetic approach to macrobicyclic cryptands containing cyclen or cyclam moieties and adamantane fragment was elaborated. The possibility to change the size and geometry of the macrocyclic cavity by using isomeric bromobenzyl derivatives of tetraazamacrocycles and diamines with various chain length was demonstrated. Valuable macrotricyclic cryptands of cylindrical shape were obtained as second products in some reactions. Similar reactivity of dibenzyl and tetrabenzyl substituted tetraazamacrocycles in the catalytic macrocyclization reactions was shown; this effect substantially broadens the scope of these reactions for further construction of macropolycyclic compounds of sophisticated architecture. Macropolycycles incorporating lipophilic and geometrically constrained adamantane moieties are thought to be useful for coordination studies with heavy and toxic metals, possessing high coordination numbers, in organic media like alcohols or acetone. 
